ABSTRACT
Introduction
Project management is the systematic analysis and objective evaluation for the management of completed projects. It can put forward some suggestions for the future management and improving decision-making levels. Scientific and rational project management performance evaluation is conducive to improve the level of integrated management. At present the fields of academia and engineering had been achieved some results on this issue.
On the basis of fuzzy theory, a fuzzy integrative evaluation model of engineering management performance evaluation is developed [1, 2] . Besides, main object method [3] is used for project management performance evaluation. However, the relationship between index systems of project management performance evaluation are non-linear, it is difficult to determine the model to express. And the subjectivity of the evaluation process is increased when specialists are required to determine the index weight. So there are some drawbacks in the traditional evaluation model. Wavelet neural network (WNN) is constrictive and fluctuant of wavelet transform and has self-study, selfadjustment and nonlinear mapping functions of neural network which has made certain research achievements in the field of pattern recognition [4] .Project management performance evaluation also belongs to pattern recognition, thus this paper tried to set a model using wavelet neural network model, with a view to produce good results.
Establishment of Index Systems in Engineering Project Management Performance Evaluation
According to the main object method, which means choosing one or two main objectives as the main objective of evaluation as long as other secondary objectives meet certain requirements. Therefore, take project investment, construction period, quality and safety as evaluation indexes as a basis for performance evaluation in the project management.
According to the existing documents, the following evaluation criteria are taken, as shown in Table 1 . 
Engineering Project Management
In the function space, select a mother wavelet function (also known as wavelet basis function)
to meet the restrictive conditions:
where:
, then stretch and translational transform
, wavelet basis function can be obtained.
where: a is scaling factor and b is time translation factor. The signal can be approximated with a special constructed neural network. The transfer function is not Sigmoid nonlinear function but wavelet function. This paper uses Morlet wavelet function:
A three-layer (one input layer, one hidden layer and one output layer) feed-forward network can approximate a nonlinear mapping with any degree of accuracy under normal circumstances. Aiming at the selected indexes of project management performance evaluation, the model will be expected to take construction period advance rates, cost saving rate, quality control scores, and security control as the input of a network, that means the number of input nodes is 4; take performance evaluation value as the output, that means the number of network output nodes is 1; the number of hidden nodes is 10 by texting, then a 4-10-1 three-layer network is established. Performance evaluation model structure of engineering project management based on WNN is shown in Figure 1 .
Learning and Training of WNN
Through the study of network optimization indexes, set amendment of the network and wavelet function parameters by error back propagation algorithm, then reach the most optimal learning effects gradually. Learning algorithm steps as followed with application of Matlab7.0 programming:
Step 1: Set the input and output samples [6] . Produce evenly and randomly five numbers and their relative grades of experience given in the interval-level of Table 1 as the learning samples of network. Take 1, 2, 3, and 4 respectively as the four grades of excellent, good, qualified and poor in output layer. The data is shown in Table 2 .
In order to solve the incommensurability between project investment, construction period, quality and security, in accordance with the project management performance evaluation and the actual situation of indexes, transform the original data of evaluation indexes into a range of [-1,1] as input of the network using nonlinear transformation function. Define the individual indexes utility function [7] : 
where: y is the relative value indicators of the actual value and the plan value; k is relative to the impact laws of the evaluation indexes on project management performance, and it can be the experience value.
Step 2: Initialization setting. The weights, threshold value of the network, as well as wavelet translation parameters and the scaling parameters are given evenly and randomly in the range [-1,1]. Step 3: Self learning process of WNN. Calculate the output value of wavelet neural network model according to the formula (6) using the current network parameter.
There are still many shortcomings of the present application of wavelet neural network. In order to solve the local minimum of network training, entropy function is used as cost function of neural network to accelerate the learning speed of the network.
Entropy function value is larger than the mean square error function value when a network error is large, the adjustment of the network parameters is larger than the use of the mean square error function, and network convergence speed is larger; entropy function value quickly becomes smaller when network errors becomes smaller, the adjustment of parameters correspondingly decrease to avoid oscillation, thereby the convergence rate of the network is improved, and meanwhile the network parameter adjustments around the local minimum is not zero, that is to say the network will not be at a local minimum. Therefore entropy function is taken as cost function of the network instead of the mean square error.
where: i d is the desired output of the network, i y is actual output of the network.
Step 4: Repetitive adjustments of the network parameters. The memory and generalization ability can be rapidly realized, and convergence accelerated to attain forecast accuracy. The various parameters of WNN are modified using formula (8)-(11).
where: η is learning rate, α is momentum factor.
Step 5: When a network error is less than a pre-determined value or learning steps of maximum training value is reached, wavelet neural network learning is stopped, otherwise return to the third step to repeat training until the expected output of the network is generated.
Model Testing and Practical Application
The network is learned and trained repeatedly using Table 2. The test results show that the actual output and the expected output is very close, the error accuracy is as small as 10 -4 , so it meets the requirement. Training results shows in Table 3 .
Take out ten completed projects from a construction company in the last three years. Their project management performance evaluations are done. The basic data of projects are shown in Table 4 .
Preprocess the data of evaluation indexes set by the main objectives method, and then applying the trained network, a project management performance evaluation model based on wavelet neural network is established. After the calculating of the model, project management performance evaluation results of the ten projects are obtained, which are shown in Table 5 .
Copyright © 2009 SciRes JSSM Seen from Table 5 , all these ten projects have reached more than qualified rating. One of them is excellent and two of them are good. Evaluation results can be used as the basis of the plan implementation of future projects, progress control, cost assessment, quality control and security control, and it is helpful to enhance the level of integrated management.
Conclusions
Started from the purpose and requirements of project management performance evaluation, using the characteristics of wavelet neural networks which can describe the complex and nonlinear relationship, the relationship model between evaluation indexes and project management performance evaluation is established. The followed three conclusions are obtained: 1) There is no need to determine the weights by people using wavelet neural network model in the evaluation process, so the defects brought by experts when determining the weight is eliminated, therefore the accuracy and objectivity of the evaluation result is improved.
2) In order to avoid wavelet neural network training being at a local minimum, entropy function is taken as cost function of the network instead of the mean square error to accelerate the learning speed of the network .The testing proves the method feasible.
3) Performance evaluation model based on wavelet neural network explores a new way for project management performance evaluation, and enriches the performance evaluation method. The model has strong feasibility and accuracy which can be used as a scientific and rational basis for performance evaluation. 
